The levels of renal glutaminase and glutamine synthetase in rats 9 days old were about one-third those in adult rats, but both rose progressively over the following 12 days to approximately 7091, of the adult levels. Renal glutamine concentrations were low in g-day-old rats but increased to near-adult levels by 12 days after birth.
Renal glutamate concentrations were approximately 90% adult levels from 9 to 21 days after birth. Glutamate concentrations did not fall in response to an acid load in rats 9 and 12 days old as it did in adults.
The response did occur, however, in rats 14 days old.
glutaminase; glutamine synthetase; glutamine; glutamate; p-aminohippurate PREVIOUS STUDIES have shown that ammonia excretion is low in the kidneys of infant mammals (5, 9). The increase in ammonia excretion after acid administration is significantly less in suckling dogs (5) and rats (9) compared to the response in adult animals. The poor response of ammonia excretion to acidosis in the kidneys of these young animals may be due to one or more of the following factors: 1) general lack of differentiation of the nephron; or more specifically to 2) deficiency in substrate concentration; 3) deficiency in concentration of deaminating enzyme(s) ; 4) excess of inhibitor concentration.
There have been relatively few studies on this problem in the past. Hines and McCance (11) observed that the deamination of glutamine by kidney slices was relatively low in newborn dogs, rats, and rabbits. More recently Wacker, Zarkowsky, and Burch (18) reported that renal glutaminase activity was low in newborn and suckling rats. The present study was designed to examine the possible roles of the above four factors in limiting the abihty of the infant rat kidney to increase ammonia production in response to an acid load. The time period examined was 9-21 days after birth, since maturation of the ammonia response occurs during this time period in the rat (9). The major pathway of ammonia production in the rat kidney is thought to be: glutamine glutamlnas)e glutamic acid + ammonia. Thus, the levels of substrate, glutamine; enzyme, glutaminase; and product, glutamic acid were assayed in the kidneys of suckling rats. Since glutamine synthetase has been shown to play a role in renal ammonia metabolism in the rat (12, 14), we also assayed the activity of this enzyme in the kidneys of developing rats. It has been suggested (7, 10) that the fall in renal glutamate concentration after administration of an acid load may be responsible, in part at least, for the accompanying increase in renal ammonia production. The developmental course of this response was determined. The following studies showed that renal glutamine concentration was relatively low in g-day-old rats but reached near-adult levels by 12 days after birth. The flasks were then gassed with 100 % 02 for 0.5 min, stoppered, and placed in an oscillating bath at 25 C for 1 hr. The flasks were then immediately placed on cracked ice. The slices were removed, rinsed in saline, blotted on filter paper, and weighed. The slices were added to a centrifuge tube containing 3 ml of 5 % trichloroacetic acid. The suspension was homogenized with a stirring rod, left to stand on ice for 30 min, and then spun in a clinical centrifuge for 10 min. The supernatant fluid was withdrawn and extracted with hydrated ether to remove the trichloroacetic acid. One milliliter of the aqueous phase was mixed with 15 ml of Bray's (4) solution and counted in a Nuclear
Chicago Unilux II liquid scintillation counter. One milliliter of the incubation medium was added to 2 ml of 5 YO trichloroacetic acid and treated in a similar manner. After correction for quenching by the "channels ratio" method, the disintegration per minute per gram tissue water or medium was calculated and the results were expressed as a slice-to-medium ratio. Tissue water content was determined by drying an aliquot of a water homogenate of kidney cortex to constant weight in an oven set at 90-95 C. (pH 7.4 , to remove ammonia) ; 0.1 ml of tissue homogenate (5 % for adults and 10 % for infants) and water to bring the volume to 2.6 ml. The tubes were preincubated for 5 min at 37 C in a water bath, then 26 pmoles of dipotassium adenosinetriphosphate (in 0.4 ml) were added to start the reaction.
The ATP was replaced by water in control flasks. The mixture was incubated for 6 min and the reaction was stopped by the addition of 1 ml of 0.1 N HCl containing 5 70 ferric chloride and 17 % trichloroacetic acid. The tubes were centrifuged for 3 min at 10,000 X g, the supernatant fluid was filtered through Whatman no. 1 paper, and the optical density was read at 500 rnp in a the present investigation we noted that the infant rats used in this study gained weight significantly faster than the infants we had used in the previous study (9). For example, the average weight of eight littermates, 14 days old, which were born in May 1970 was 34.6 g ( SE = 0.7 g). In contrast, the average weight of eight littermates, of the same age, which were born in January 1969 was 25.4 g (SE = 1 .O g).' It was necessary, therefore, to determine whether the faster growth rate had changed the time course or pattern of development of ammonia excretion that we had determined previously (9). The rates of ammonia excretion in untreated and ammonium chloride-treated, suckling rats 9-21 days old and in adult rats are shown in Table 1 . Similar to results found previously with the slower growing rats, ammonia excretion in untreated, suckling rats was slightly lower than in adults between the 1st and 2nd week after birth but rose to levels exceeding those of adult rats between the 2nd and 3rd week after birth. As reported previously, the acid-induced rise in ammonia excretion was definitely lower in rats l-2 weeks old compared to adults; following administration of 5 mmoles NH&l/kg, ammonia excretion increased approximately 8 pmoles/ 100 g X hr in rats 9 and 12 days old (Table  1) compared to an increase of approximately 20 ~moles/lOO g X hr in adult rats. A response of ammonia excretion similar to that observed in adult rats appeared between 14 and 16 days after birth. The rise in ammonia excretion that occurred in untreated rats between the 2nd and 3rd week after birth was probably related to I) the natural metabolic acidosis in rats of this J expressed per gram fresh weight, part of the increases in enzyme activities between 9 and 14 days after birth are due to decreases in renal water concentration. Enzyme activities expressed per gram dry weight are listed in Table  3 . Although the corrections for differences in dry weight content of the kidneys tend to raise the level of enzyme activities in the infant kidneys relative to that in adults, the general patterns of development of renal glutaminase and glutamine synthetase activities expressed per gram dry weight are similar to the patterns observed when the activities are plotted on a fresh weight basis (Fig. 1) . The ratio of glutaminase to glutamine synthetase activity (Table  3) remained relatively constant during the developmental period examined except on the 12th day after birth when the ratio increased transiently.
RenaZ glutamine and glutamate concentrations. Substrate and product concentrations were determined in quick-frozen kidneys from suckling rats. The concentration of glutamine, in g-day-old rats was approximately 50 % of that of adult rats (Fig. Z) , expressed as percent adult levels and corrected for differences in water content. By 12 days after birth, however, the concentration of glutamine was about 90% adult level and increased to about 95 % adult level by 21 days after birth. Glutamate concentration was approximately 85 % of adult level in kidneys from rats 9 days old and rose to 95 % adult level by 2 1 days after birth. Fig. 3, hepatic enzyme activity was approximately one-third of the adult level in g-day-old rats but increased to approximately two-thirds of adult level by 12 days after birth. This period of rapid rise in hepatic glutamine synthetase activity coincides with time of increase in renal glutamine concentrations from approximately 50 % to about 90 % of the level found in adult rats (Fig. 2) . Enzyme activity plateaued for 2 days and then rose to adult levels during the next week. Hepatic glutamine concentration (Fig. 3) , which was approximately 60 % of adult level in rats 9 days old, fell slightly between 9 and 14 days after birth and then increased progressively during the following week. Attempts to determine glutamine concentration in the blood of suckling rats were unsuccessful because too little blood could be drawn from rats l-2 weeks old to assay glutamine concentrations reliably. Res-onse of renal glutamate to an acid load. Glutamate concentrations were assayed in quick-frozen kidneys from controls and rats that had been given NH&l (5 mmoles/kg, ip) 4 hr prior to sacrifice. In contrast to the response ob- 3. Hepatic glutamine and glutamine synthetase levels in suckling rats. Values are means Zt SE of 5 rats per age group for glutamine synthetase levels. Values for glutamine concentrations were assayed in 3, 8, 8, 6, and 7 rats 9, 12, 14, 16 , and 2 1 days old, respectively.
Adult glutamine and glutamine synthetase levels (means zt SE of 5 rats) were 4.71 rt 0.16 pmoles/g liver and 573 =t 32 pmoles/g liver X hr, respectively. In the present study kidney slices from rats 9 days old accumulated PAH at 80 YO of the rate observed in slices from adult rats. By 12 days after birth and thereafter there were no significant differences between slices from suckling and adult rats. These results are similar to those reported for suckling puppies and rabbits (15, 16). Kidney slices from newborn puppies accumulated PAH at rates close to that observed with adult preparations (16). In the rabbit, maximal levels of PAH accumulation by kidney slices were observed 10 days after birth (15). In the rat differentiation of the nephron with respect to organic acid transport occurs well before the end of the 2nd week after birth and precedes the development of the ammonia response to acid loading. Thus, the poor ability of rats l-2 weeks old to increase renal ammonia excretion in response to an acid load does not reflect a general lack of differentiation of the nephron in these animals. One must look to more specific factors affecting renal ammonia production to explain the deficiency in acid-induced ammonia excretion in young, suckling rats.
The poor response of renal ammonia excretion to acid loading may be due to I) a low level of renal glutaminase activity, 2) a low concentration of glutamine in the kidney, 3) a low ratio of glutaminase to glutamine synthetase, 4) high levels of glutamate, a glutaminase inhibitor, in the kidney, and 5) unresponsiveness of the system reducing renal glutamate concentration after acid loading. Glutaminase activity was about one-third adult level in rats 9
